Abstract-Two-photon excitation techniques used in fabricating lines defects were done on a light emitting diode chip. Simultaneous detection of a quenched wide-gap semiconductor crystal has been observed using single-and two-photon photoluminescence.
I. INTRODUCTION ptical microscopy has been a standard tools of method for examining and characterization of semiconductor materials used for light emitting diodes (LEDs) and laser [1, 2] . Since the introduction of blue laser for high density optical recordings media such as digital versatile disc (DVD) and blu-ray disc (BD), wide-gap semiconductor crystals that have its band-gap energy at short wavelength are becoming very popular and demanding.
The importance for these types of crystals to have such high purity and high quality requires thoroughly examination of the materials. Two-photon luminescence excitation has been proven to be the method of examination for these types of crystals due to its localization at the focal point [3, 5] .
Previous works shows that inducing defects by the means of quenching using two-photon excitation on a wide-gap semiconductor crystals, ZnSe shows an increased of A. S. M. Noor photoluminescence intensity of the sample for an excitation intensity above 1.04MW/cm 2 [6] . In this paper, elaboration on analysis using simultaneous single-and two-photon luminescence on an optically quenched InGaN crystals and its surrounding area is given. The quenching process was done using two-photon excitation methods with intensity of 8.70MW/cm 2 . Both methods of luminescence images and its spectral distributions provide insights on the defect area and its surroundings. Furthermore, simultaneous observation using single-and two-photon luminescence excitations provide information for the bandgap defects induced during the quenching process.
Further quenching was done on commercially available InGaN light emitting diode (LED). The same technique was applied for quenching the LED. The results shows that higher power was needed for the quenching process since the LED material was covered in protective coatings and silica encapsulate on top of it. We show that the size of the fabrication spot of achieved was in the range of 350nm till 650nm for various excitation power. Figure 1 shows the optical setup for both quenching and luminescence studies. The sample, InGaN was prepared using femtosecond Ti:Sapphire laser (800nm, 80MHz, 100fs) incident on the sample place on a stage using an objective lens. A galvano mirror is programmed to scan an area of the sample for the quenching process.
II. EXPERIMENTAL SETUP
Photoluminescence from the sample and the excitation exposure time was first measured to determine the quenching energy needed to permanently damage the sample. Fig. 2 shows the relationship between the photoluminescence intensity and the exposure time. Excitation power used was 0.70, 1.74, 5.22 and 8.70MW/cm 2 measured at the output of the objective lens. From these results it was shown that the photoluminescence of the scanned area reduce with excitation exposure time for all excitation intensity except for 0.70MW/cm 2 . For 1.74 and 5.22MW/cm 2 , the photoluminescence detected shows reduction just after the excitation the energy but begins to be constant after a period of time. The difference can be seen for 8.70MW/cm 2 excitation energy which continuation of reduction for photoluminescence is still detected. This constant Excitation source used is for single-photon luminescence is ultra-violet laser diode with wavelength of 408nm. This wavelength is chosen because it is shorter than the bandgap wavelength of the InGaN crystals which is 481nm. 7 While Ti:Sapphire laser (800nm, 80MHz, 100fs) is used for excitation in the two-photon luminescence method. Two-photon luminescence requires the wavelength to be less than two times of the bandgap wavelength. Excitation source then incident the sample placed on a XYZ stage using objective lens (numerical aperture=0.75, 40X) and scanned through the sample area using galvano mirrors. The photoluminescence is collected by the same objective and filtered using dichroic mirrors before a photomultiplier tube. A monochromator was used to obtain the respective luminescence spectrum. Figure 3(a) shows the luminescence of sample excited by single-photon luminescence. Figure 3(b) shows the spectral distribution of the sample at three different positions. Position 1 shows the quenched area while position 3 shows normal area of the sample. Position 2 is the border between quenched and normal area. From the spectra, a narrow spectrum is observed near the bandgap wavelength. Highest peak can be observed similar to those the bandgap wavelength at 481nm and fluctuation of peaks originating from shorter wavelength toward the peaks at the bandgap wavelength is observed at the border area. While broader spectrum (blue dot circle) with lower intensity observed at longer wavelength starting from 490nm up to 650nm. This observation is due to the defects in the sample. Figure 4 (a) and 4(b) shows the image and spectral distribution for two-photon luminescence respectively. The graph shows good agreement with single-photon with highest peaks for position 2 and 3 at 481nm. The highest peak for position 2 transfer to a longer wavelength which is due to the defects as been discussed earlier. However, in position 1, bandgap peaks at 481nm could not be observe leading due to quenching area induce defects permanently damage the crystals structure of the InGaN samples.
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III. DISCUSSION
Furthermore, small side lobes at 440nm can be seen from the spectrum of two-photon luminescence. The side lobes can be seen for all position, position 1 shows the highest intensity at this wavelength in relative to each of the position peak intensities at bandgap wavelength of 481nm. This observation can be described as piezoelectricity-induced quantum-confined Stark effect (PQCSE) [8] . It can be seen that quenching process have little effects on suppressing the PQCSE for position 1 at 440nm which give larger intensity peaks relative to the defects that quenched the photoluminescence at the bandgap wavelength. From both respective figures in Fig. 3 and 4 , it is found at the quenched area, no photoluminescence is detected for two-photon excitation (position 1 of Fig. 4(b) ). However for the single-photon methods, small excitation can be detected at the bandgap wavelength (position 1 of Fig. 3(b) ). This can be explained by the transition states for single-and two-photon are allowed to transits during the excitation are situated near to each other. Damages done to the states level of two-photon excitation has completely destroy its states and also affected nearby states which is single-photon transition level. Comparison on the images, it is clearly shown that two-photon luminescence imaging has higher contrast compared to single-photon luminescence image due to its localization at the focal volume, and smoother curve of spectrum is obtained than in single-photon luminescence. Figure 5 shows the dependency between photoluminescence and excitation intensity for single-and two-photon luminescence. The excitation intensities for both single-(1P in the figure) and two-photon (2P) luminescence have been normalized to respective highest excitation power used for the measurement. From the curves, single-photon luminescence give linear dependency with the excitation power while two-photon luminescence give definite slopes dependent to excitation power used. These results proved that photoluminescence obtained came from single-and two-photon excitation. It also shown that reduction in the excitation power resulted for the peaks at bandgap wavelength (481nm) to reduced rapidly compared to longer wavelength (580nm) and shorter wavelength (460nm). The LED used for fabrications was commercially available high power LED (Avago technologies). Two wavelength types of LED were used for the fabrication. Blue LED which have a dominant wavelength at 467nm while green LED at 525nm. The LEDs is silicone (dimethylpolysiloxanes) encapsulated with the high refractive index of 1.60 and have a thickness of 1.30mm covering the top of the LED.
Shown in Fig. 6 is ratio of photoluminescence power taken for before and after the excitation with difference excitation power. The LED sample was excited using an oil-immersion objective lens with NA of 1.4 and100X magnification in order to reduce the refractive index mismatch between the sample silicone encapsulation and oil-immersion lens refractive. Difference spot of the sample for each excitation is examined in order to have a stable measurement. The slope shows -2 inclinations for high excitation power. From the results, the dependency of two-photon excitation probability is the two times the power of the excitation intensity, thus proved that two-photon quenching is phenomena is appeared in the sample. 2 ) was performed on the sample. From the figure, photoluminescence was observed the surface of the LED samples moreover; the defects that were induced is also observed. Figure 8 shows the cross section of the 15 quenched points. The cross section of the spot shows the intensity focus point of excitation varies from 350nm to 650nm in diameter. Although using oil-immersion lens with NA of 1.4 should give a focus spot FWHM of ~250nm, only at the lowest excitation intensity of 1.15MW/cm 2 , the size is appropriate with the focus spot of the said lens. Larger diameter values were obtained for higher intensity is due to the quenching creates heat leads to melting to vicinity around the focus spot. This particularly can be observed for higher excitation power which shows the quenched point (in Fig.7) is not completely circle. Furthermore from Fig. 8 , the most right dip for the number 5 shows uneven dip around the quenched spot.
IV. CONCLUSION
In this paper, we showed the capability of two-photon excitation to perform quenching on a wide-gap semiconductor crystals, and InGaN high power LED. Further studies of two-photon photoluminescence of the crystals show the type of defects induced on the crystals, while in LED, the resolution of the defects are evaluated. This would allow engineers on designing and fabricating laser diodes or LEDs based by only using a single technique. 
